Abstract. The Los Alamos Neutron Science Center, or LANSCE, is an accelerator-based national user facility for research in basic and applied science using four experimental areas. LANSCE has two areas that provide neutrons generated by the 800-MeV proton beam striking tungsten target systems. A third area uses the proton beam for radiography. The fourth area uses 100 MeV protons to produce medical radioisotopes. This paper describes the four LANSCE experimental areas, gives nuclear science highlights of the past operating period, and discusses plans for the future.
INTRODUCTION
The Los Alamos Neutron Science Center (LANSCE), shown in Fig. 1 , is a unique multidisciplinary facility for science and technology. Since designation as a National User Facility in 2001, the research program [1] has expanded substantially. In 2004 there were over 1000 user visits during which over 350 experiments were conducted over 200 days of user facility operation.
The central feature of the facility is an 800-MeV linear accelerator system that accelerates both negative hydrogen ion beams and protons. At present the accelerator supplies up to 135 µA of negative hydrogen ions with pulsed beam timing patterns suitable for a wide variety of experimental programs at three experimental user facility areas, and up to 250 µA of proton beam at 100 MeV for isotope production.
THE LANSCE USER FACILITY
Three experimental areas make up the user facility. At the Manuel Lujan Jr. Neutron Scattering Center (Lujan Center) seventeen flight paths use pulsed cold, thermal and epithermal neutrons produced at 20 Hz by intense 125 ns (FWHM) bursts of protons from a Proton Storage Ring (PSR) incident on a tungsten spallation target and moderated by water or liquid hydrogen. The Weapons Neutron Research Facility (WNR) has the most intense broad-spectrum source of high-energy neutrons in the world for neutron nuclear science and applications. It has a bare tungsten target that serves six flight paths and a separate experimental area that allows samples to be placed in the proton beam directly. The Proton Radiography Facility (pRad) provides a unique facility for the study of dynamic processes using the proton beam and a magnetic lens imaging system.
The nuclear science and proton radiography research programs use the facilities at LANSCE for many research projects. At present, the principal research areas include:
• Nuclear data for radiochemistry and astrophysics, • Cross sections for neutron-induced reactions on isotopes of Pu, U, and radiochemistry, • Improved description of nuclear energy production; fission cross sections, fragment mass and neutron energy distributions, • Properties of nuclei in excited states ("isomers"), • Few-body interactions -n-D scattering, • Reaction studies for theory and modeling, • Electronics performance in radiation environments, • Fundamental physics with cold and ultra cold neutrons, and • High resolution, time-dependent studies of dynamic events for the study of high-explosive (HE) detonation and burn, hydrodynamics and shock physics, and dynamic materials properties.
The Weapons Neutron Research Facility
The Weapons Neutron Research Facility (Fig. 2 ) is primarily used for basic and applied nuclear science and for accelerated testing of semiconductor devices for industry.
WNR uses up to 5 µA of H -beam that is chopped and bunched before acceleration to give an adjustable pulse-to-pulse separation, typically 1.8 µs. The pulse width is approximately 125 ps (FWHM), allowing neutron time-of-flight measurements with a time resolution of less than one ns. The narrow proton bursts come within a 750-µs 'macro-pulse' supplied at up to 120 Hz, giving an overall burst rate of up to 50 kHz. At the WNR Target-4 'white' neutron source, the beam strikes a tungsten target producing neutrons with useful energies from about 100 keV to above 600 MeV. Those neutrons are collimated to form beams for six flight paths viewing the neutron source at angles to the left (L) or right (R) relative to the incident beam direction of 15, 30, 60 and 90 degrees.
During the 2004 operating period those flight paths were used for a wide variety of experiments. The 90L flight path was used to measure fission cross sections of major actinides and to decrease uncertainties in the experimental data base. The 30L flight path, with a station at approximately 20 m, was used by industry, universities, and other national laboratories to measure neutron-induced failures in semiconductor devices. The 15L flight path, the longest available with a 90-m length, was used for dosimetry, neutron transport, and neutron-spectra measurements. The 15R flight path is 18 meters long and was used for n-D scattering experiments using a liquid-deuterium target. The 30R flight path is 20-m-long and was used for neutroninduced reactions for nuclear-level-density studies and neutron-induced fission and gas production in structural materials. The Fast Neutron Induced Gamma Ray Observer (FIGARO) array used for neutron and gamma ray measurements from fission is located on the 30L flight path. The 60R, 20-m-long flight path, serves the Germanium Array for Neutron-Induced Excitations (GEANIE) spectrometer. GEANIE consists of approximately 26 Compton-suppressed, high-resolution germanium γ-ray detectors and is used to address issues of nuclear structure, spectroscopy, and cross-section measurements for both national defense and basic science.
WNR Research Program and Selected Accomplishments
As a national user facility, the WNR hosted 549 user visits from academia, industry, national laboratories, and other research facilities around the world who conducted 76 experiments. Of those experiments, two are discussed below.
The lead slowing-down spectrometer [2] (LSDS), operated in Target-2, is an instrument that down scatters a large pulse of neutrons produced by the PSR beam which strikes a tungsten target inside a 1.7 cubic meter lead structure. Because lead is a heavy nucleus with a low capture cross section, the neutrons within the LSDS attain an average energy distribution with roughly a 30% energy spread that varies inversely as the square of the time after proton beam arrival. The neutron pulse is thus captured within the LSDS and provides roughly 10 3 higher intensity than the tungsten target alone. This increase in intensity allows measurements of fission cross sections with samples as small as 10 ng using a fission chamber placed within the LSDS. The LSDS was commissioned during the past operating period and performed as expected. Fission detectors are being developed to handle the intense neutron pulse, and measurements were made on the 235 U(n,f) and 239 Pu(n,f) cross sections with samples as small as 27 ng to test performance. Once the LSDS is operational, it will be used to perform fission cross section measurements of rare actinides such as the 77 eV, 26-minute isomeric state of 235 U.
The FIGARO array is an instrument to determine the multiplicity and energy distribution from neutroninduced fission [3] . Both sets of data are critical to understanding the neutron economy in a system of fissionable materials. Data from FIGARO are therefore needed to improve our understanding of nuclear weapons and nuclear power reactor performance, for assessments of criticality safety, and for applications involving special nuclear material interrogation. Using the broad energy range of the WNR facility, FIGARO, can make measurements of the neutrons emitted in neutron-induced fission over the range of incident neutron energies of 1 to 200 MeV simultaneously. Measurements on 235, 238 U have been completed [4] and experiments on 239 Pu and 237 Np are planned.
The Lujan Center
The Lujan Center (Fig. 3 ) uses the 800-MeV H -beam to produce cold, thermal and epithermal neutrons in the meV -keV range, primarily for neutron scattering and nuclear science research.
To provide a suitable time structure for neutron time-of-flight experiments at the Lujan Center, a Proton Storage Ring compresses 750 µs pulses from the linear accelerator to 125 ns (FWHM) at 20 Hz. The proton beam, at an average current of 125 µA, then strikes a light-water cooled split tungsten target and flux-trap and backscattering moderator system to give a higher peak neutron flux than is available at any other spallation source. Those neutrons are collimated to form beams for up to seventeen flight paths. 
Lujan Center Research Program and Selected Accomplishments in Nuclear Science
As a national user facility, the Lujan Center provides instrumentation and support for scientists, engineers, and students to study materials science and engineering, condensed matter physics, polymer science, chemistry, earth sciences, structural biology, and neutron-nuclear science research. During the 2003 run cycle, Lujan Center hosted 557 user visits from academia, industry, national laboratories, and other research facilities around the world. Of the 16 beam ports and 17 flight paths (FPs), only 2 are currently unused; 12 are instrumented for condensed-matter science and engineering, with 1 under development; 1 is used for transmission spectroscopy; and 2 are devoted to neutron nuclear science. One of those is performing a precision measurement of the parity violating γ-ray asymmetry in the H(n,γ) reaction using polarized neutrons. The second flight path is equipped with a 4π array of BaF 2 detectors used to study neutron-induced transmutation of radioactive elements for nuclear astrophysics and radiochemistry.
An international collaboration has completed construction of a cold-neutron beam line at the Lujan Neutron Scattering Center. This beam line is supported for basic nuclear-physics research. The first experiment will be a measurement [5] of the parityviolating gamma ray asymmetry in n + p→ d + γ (NPDGamma) experiment. A successful measurement of A γ would be a major step toward understanding a long-standing puzzle; namely, how at low energies the short-range weak interaction is communicated between nucleons that interact strongly at long ranges. The goal of the experiment is to measure A γ to 10% of the predicted value of 5 x 10 -8 .
In the NPDGamma experiment, neutrons from the Lujan Center are transmitted along a guide tube to a 3 He spin filter to produce a polarized neutron beam. The polarized neutron beam then passes through an RF spin flipper to allow a rapid spin reversal in order to reduce false asymmetries. The target is liquid parahydrogen surrounded by a uniform 10-gauss magnetic field that preserves the neutron polarization. Capture gamma rays are detected using a 48-element array of cesium-iodide detectors providing about 3π steradians of coverage.
In order to test the NPDGamma apparatus, asymmetry measurements in which chlorine, cadmium, and lanthanum nuclei replaced the liquid hydrogen target were completed. Each of those tests measured asymmetries [6] of order 10 -5 , in agreement with previous data.
During the last LANSCE run cycle, the Detector for Advanced Neutron Capture Experiments [7] (DANCE) at Lujan Center added its final elements, completing the 160-detector array, and began data collection. DANCE was developed to address questions regarding neutron-capture reactions that occur in nuclear explosions and to address reactions that occur in the interior of stars. The work is therefore of interest both to the nuclear astrophysics and defense communities. Because of the detector efficiency and intense neutron flux, DANCE offers unique capabilities for studying neutron capture measurements on small quantities of target material, on the order of 1 mg, making it ideal for research on radioactive or rare nuclei.
Several neutron capture experiments were performed at DANCE during the last operating period. Those measurements included the set of uranium isotopes 234, 235, 236, 238 U, the stable radiochemistry detector isotopes 151, 153 Eu and Future DANCE measurements will concentrate on neutron capture cross sections on unstable radiochemical detector elements and actinide elements of relevance to National Defense. Plans include measurements of the capture-to-fission ratio of uranium and other actinides, which is not well known in the keV energy region. Studies of the isotopes Am are also planned.
Proton Radiography
LANSCE operates a proton radiography facility known as pRad, typically used for studies of dynamic processes. Because protons interact through both the strong nuclear force and the electromagnetic force, transmission measurements allow simultaneous determination of material properties with very high time resolution.
For pRad, H -beam pulses with approximately 10 9 particles each are spaced in time at intervals predetermined by experiment requirements. The beam is then timed to strike test objects during the dynamic event. Transmitted and scattered protons are imaged by a magnetic lens system and recorded by cameras. This technique permits multi-frame radiographs that can provide material density and composition during the experiment. Sub-millimeter spatial and tens of nanosecond time resolutions are routinely achieved.
THE ISOTOPE PRODUCTION FACILITY
Over the past 20 years, LANSCE has supported the Los Alamos Radioisotope Program by irradiating target materials, originally at 800 MeV and now at 100 MeV. The Isotope Production Facility (IPF) project was completed in the fall of 2003 for a total cost of $23M and commissioned in 2004.
The facility is comprised of a new beam line and the equipment necessary to deliver 100 MeV proton beam from the existing LANSCE accelerator to a new target station designed specifically for the production of radioisotopes. The IPF was designed to operate without influencing scheduled beam delivery of H -beam to other experimental areas at LANSCE. In the IPF, production targets are segmented into different production regions and materials to allow optimized production of various radioisotopes. Therefore allowing the new facility to produce a wide range of radioisotopes for medical diagnosis and treatment and scientific research.
FUTURE PLANS
A new Ultra Cold Neutron (UCN) source [8] was commissioned at LANSCE during the last operating period. The UCN source uses solid deuterium at 5 K moderating neutrons from a tungsten spallation target coupled to a set of graphite/beryllium and cold polyethylene moderators. The UCN pass through a set of guide tubes to nearby experiments. Past measurements limited the production rate because of a 300 nA maximum proton current. In the next operating cycle the current will be increased to 4 µA. At that current, preliminary measurements indicate that this will be the most intense source of UCN worldwide. Once operational at full power, a series of fundamental physics measurements will be conducted, the first of which is a measurement of the beta decay asymmetry resulting from polarized UCN decay. The goal of this effort is to provide a fourth national user facility at LANSCE for UCN research.
The LANSCE accelerator facility is over 32 years old. Maintaining reliable operation for 4000 -5000 hours per year to serve the multi-disciplinary research program at Los Alamos is becoming more difficult each year due to aging equipment. In order to maintain the facility for the indefinite future, Los Alamos National Laboratory has proposed a $143 M Refurbishment Project to address four principal rankordered priorities: 1) Replacing facility equipment where necessary to address code compliance or endof-life issues that could severely impact facility operations, 2) Enhancing the cost effectiveness by system refurbishments or improvements that stabilize the decreasing facility reliability and maintainability, 3) Stabilizing the overall beam availability and reliability in a manner that is sustainable over the longer term, and 4) Accomplishing the above with minimal disruption to the scheduled user programs. If LANSCE-R is funded and completed successfully, the user facility will be able to productively support a broad program of basic and applied science for another generation of scientists at Los Alamos and within the nation.
